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CoLETTE FoA*, AND Ct!RlSTIAN AUBERT, M.D. t 
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Human malignant melanocytes show characteristic morphologic modifications which are 
particularly evident in their specific organelles: melanosomes. These modifications are 
conserved in cell culture. The ultrastructural localization of tyrosinase, the enzyme which 
converts tyrosine and dopa into melanin, was determined in 13 human melanoma cell lines. 
The different cell lines possess 4 distribution patterns of melanin synthesis based on dopa 
oxidase activity. The two first pathways, which involve the Golgi apparatus, seem to differ 
by the amount of enzyme within this organelle. The third pathway mainly involves the 
smooth endoplasmic reticulum, wh~reas tyrosinase is visible only in vesicles in the fourth. 
Some cells synthesize the enzyme in the manner observed in very early embryos. 
Numerous electron microscopic studies of mela-
nocytes recently reviewed by Allegra 11], Turner 
et al [2], and Jimbow et al 13] support different 
theories of melanosome formation. The four major 
hypotheses on the combination of structural pro-
teins and tyrosinase (IUB 1.10.3.1.), the enzyme 
which allows the conversion of tyrosine to mela-
nin, in early melanosomes are summarized in Fig-
ure 1. Seiji and !washita 14], Birbeck 15], Brum-
baugh and Ziegh 16), and Mottaz and Zelickson 17] 
proposed the classical theory of melanosome for-
mation which involves the rough endoplasmic re-
ticulum (RER), the smooth endoplasmic reticulum 
(SER), the Golgi apparatus, and then the Golgi 
vesicles (Fig. 1A). Slight modifications of this 
pathway (Fig. lB ) were suggested by Jimbow et al 
18], Wellings and Siegell9], Hori et al110], and Ide 
Ill]. Both theories were established using normal 
melanocytes. A third theory, which differs essen-
tially from the two others in that the Golgi appara-
tus is not involved, was described by Birbeck and 
Barnicot 112], Demopoulos and Yuen 113], Rappa-
port et al 114], Thorne et al 115], and Maul and 
Brumbaugh 116) after observations of malignant 
or regenerating melanocytes (Fig. lCl. The fourth 
pathway (Fig. lD ), whereby t)'l·osinase and struc-
tural proteins are not synthetized simultaneously, 
was suggested by studies of malignant melano-
cytes by Maul 117], and Novikotf et al 118], and 
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Turner et al [2] demonstrated a slight modification 
of this pathway in goldfish melanophores. 
We isolated various cell lines derived from pri-
mary and metastatic human malignant melano-
mas [19,20] which presented melanocytes in which 
more or less typical melanosomes were recogniz-
able [21]. The more differentiated cells contained 
fibrillar melanosomes at different stages of matu-
ration, with or without mature melanin granules. 
The less differentiated cells possessed granular 
type melanosomes with round to spherical, con-
centric bodies or lamellar organelles which can be 
regarded as modified melanosomes.:J:, § They did 
not contain mature melanin granules. As we 
found previously \ 22), the ultrastructural modifi-
cations in these cells were very similar to those of 
fresh tumor cells as described by Clark et al.11 We 
tried to determine whether fine-structural modifi-
cations were accompanied by changes in tyrosin-
ase synthesis. 
MATERIALS AND METHODS 
All cell lines were obtained by Aubert [19). Six cell 
lines were isolated from nodular or superficial spread-
ing primary melanomas (Tab. I). Seven cell lines were 
isolated from metastatic melanomas (Tab. ill. One tu-
mor, BRE, gave rise to two strains, one (IPC 501) pig-
mented and the other (IPC 502) unpigmented 122]. The 
method by which these cell lines were established and 
cultured has been described previously 119]. 
Cytochemistry. After a short fixation (15 min, 1% 
:j: Foa C, Aubert Ch: Ultrastructural comparison be-
tween cultured and tumor cells of human malignant 
melanoma: reference to Clark's types (in preparation}. 
§ Chjrieceanu E, Delain E, Aubert Ch: Human ma-
lignant melanocytes in vitro. Ultrastructural analysis 
of cytoplasm organelles (in preparation). 
~ Clark WH, Heggeler B, Bretton R: Electron micro-
scope observations of human cutaneous malignant mel-
anomas correlated with their biologic behaviour , Ma-
lanoma and Skin Cancer, Proceedings of the Interna-
tional Cancer Conference, Sydney, 1972, pp 120-141. 
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FIG. 1. Schematic representation of the main pathways of tyrosinase and melanin synthesis in the melanocytes. 
Rough ··ndoplasm.ic reticuJum I RER l and smooth endoplasmic reticulum <SER ). 
TABLE I. Physiopathologic characteristics of the pahents 
u·tth prtmary melanoma 
Patients Sex Tumor d1agno-sis Cell lines 
Nab d NM IGR 3 
Nab ci NM IGR 4 
Eti rr SSM IGR 22 
Eti 'i SSM IGRT 23 
Gou c SSM IGRT 27 
Wau c SSM" IGR 39" 
NM = NoduJar melanoma: SSM = superficial spread-
ing melanoma. 
• Unpigmented tumors and cell lines. 
glutaraldehyde in cacodylate buffer, pH 7.4), the ceUs 
were rinsed 3 times in the same buffer and incubated 2, 
4, 6, and 12 hr in 0.1% 3,4-dihydroxyphenylalanine 
(dopa) (CalbiochemJ in cacodylate buffer, pH 7.4 , ac-
cording to Bloch's technique [23] modified for electron 
microscopy [24) and used with excellent localization by 
Turner et al (2]. After 112 hr the dopa medium was 
discarded and replaced with fresh dopa medium to 
avoid auto-oxidation which still occurs a lthough lim-
ited by the use of cacodylate buffer 125]. The cells were 
photographed inside Falcon flasks and the positivity of 
TABLE II . Phys10pathologtc characten stu·s of the 
patients with metastatiC mrlanoma 
Patients Sex Localization of tumor Cell lines 
Man .. inguinal In IGR 1 
Ben i axillary In IGR 2 
Dro ~ ax.iHary In 1GR 31 
Wau c inguinal In IGR 37 
Str -! visceral IPC 49 
metast.asts 
Bre c axillary In IPC 501 
fPC 502" 
In = Lymph node. 
" Unpigmented cell !me. 
the reaction scored from 0 to + ..--. Controls without 
dopa incubation were flxed for 1 hr in 1% OsO, in 0.1 M 
cacodylate buffer and dehydrated in graded alcohols. At 
that stage, the cells were removed from the flasks with 
a "rubber policeman:· collected in centrifuge tubes. 
dehydrated in propylene oxide. and embedded in epon 
126]. Ultrathin sections obtained wJLh an ultramicro-
tome CReichertl were stained with uranyl acetate and 
lead citrate 127] and observed with an electron micro-
scope (Phillips EM 3001. 
FIGs. 2-3. Localization of tyrosinase in the cultured melanoma cells ftxed in 1~ glutaraldehyde for 15 min. Light 
microscopy IGR 22, 94th subculture. Fig. 2: Incubation in control medium. The cells are not stained (x 270). Fig. 3: 
Incubation in medium containing 0.1% L-dopa. Some cells are highly stained ( x 270). 
FIGs. 4-5. Ultrastructural localization of tyrosinase. IGR 37, 54th subcultw·e. Fig. 4: Incubation in control 
medium. The samples not counterstained show the melanin which is rather electron dense in the already formed 
premelanosomes (X 38,000). Fig. 5: Incubation in the L-dopa medium for 6 hr. The intensely black reaction product 
is superposed on the melanin a lready formed ( ...... ) or appears in the vesicles not yet containing melanin (::::) 
(without counterstaining, x 39,000). 
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TABLE Ill. Tyrosinase in the cell lines obtai ned {rom primary melanomas 
Cell lines Subcultures Positivity by Golgi cister- Golgi vesi- Small vesi- Premelanosomes light microscopy nae cles cles 
IGR 3 61 very few 0 0 97 + + 
IGR 4 25 + tubular syst.em + + 
ring formations 
61 
IGR 22 94 +++ + + + + 
144 
42 
IGRT 23 44 +++ + + + + 
72 
17 
IGRT 27 46 ++ + + + + 
71 
IGR 39 21 0 0 0 0 0 
TABLE IV. Tyrosinase in the cell lines obtained from metastatic melanomas 
Cell hnes Subcultures Positivity by Golgi cisler- Golgi vesi- Small vesi- Premelanosomes light microscopy nae cles cles 
IGR 1 151 tubular system + 152 ++ + ring formations 
IGR 2 129 ++ 0 
IGR 31 8 + 0 
IGR 37 54 very few + 
IPC 49 31 ++ 0 
IPC 501 28 ++ + 
IPC 502 8 very few 0 
RESULTS 
Morphology 
The morphology of all the pigmented cell Lines 
has been described previously 120,2!]. 
Cytoenzymology 
L ight microscopy. Maximum reactivity was ob-
tained after 6-hr incubation. ln most cell lines, the 
cells were deeply stained. The reaction product 
was easily distinguishable (Fig. 3) from the pig-
ment of the controls (Fig. 2). As the intensity of 
the staining was not the same in all the cells of 
each cell line, an average degree of positivity was 
estimated for each cell line (see Tab. III, IV). 
Electron microscopy. Maximum reactivity was 
found at about 6 hr. After 12-hr incubation the 
0 + + 
0 + + 
..,.. 
+ + 
ring formations 
0 -r + 
+ + + 
0 0 a few positive 
cells were in poor condition. With experience. the 
reaction product, which is very black, is not con-
fused with the originally present melanin, even 
when it is superimposed on the latter . The stain-
ing is more intensive than melanin (Figs. 5. 12. 
13). 
No deposit was seen in the controls with no 
substrate (Fig. 4). 
The different localizations for each cell line are 
shown in Tables III and IV. A part of the Golgi 
apparatus was positive in some but not in others 
although the Golgi apparatus was well developed 
in all the studied cell lines. With the exception of 
IGR 37, none of the metastatic lines had a positive 
Golgi. These localizations were confirmed by re-
peat experiments and therefore did not seem to be 
due to artefacts. 
FIGS. 6-9. Localization of tyrosinase in the Golgi wne (without counterstaining). Fig . 6: In IGRT 23, 44th 
subculture, the first proximal Golgi saccule (sg) and som e lateral vesicles (vlJ (0.05 to 0.1 J.L ) are stained (x 33 ,500). Fig. 7: In IGR 37, 54th subculture, a few large vesicles ( V) from 0.2 to 0.5 J.L and premelanosomes (pm ) a lso contain the enzyme ( X 16,000). Fig . 8: In IGR 22, 61st subculture, many small Golgi vesicles (ug) from 0.05 to 0.1 J.L, large 
vesicles (V) from 0.2 to 0.5 J.L, and premelanosomes Cpm) are positive. The Golgi saccules (sg) are negative (x 18,000). Fig. 9: IGRT 27, 17th subculture, dilated Golgi saccules (sg) , small vesicles (u/), and premelanosomes (pml 
contain the enzyme ( x 31 ,000). 
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Tyrosinase was observed to be localized in: 
The saccules in proximity to the Golgi area 
(sg) (Figs. 6, 7, 9). 
The vesicles lateral (vl) to the Golgi saccules 
(Figs. 6, 8), but the coated vesicles in certain 
cases are not positive (Fig. 6). 
Very small vesicles from 0.05 to 0.1 J..t (Figs. 7, 
8, 10, 11). 
Large vesicles ( V) and earliest forms of pre-
melanosomes (pml from 0.2 to 0.5 JL (Figs. 8, 10, 
11). In some of them melanin seemed already 
present. 
Almost mature melanosomes where melanin 
was recognizable (Figs. 12, 13, 14). 
Complex premelanosomes (Figs. 15, 16). 
Systems of complex tubules (Figs. 18, 19). 
Premelanosomes, the structures of which were 
perfectly recognizable but which did not con-
tain tyrosinase, were also obser ved (Fig. 14). The 
outer membranes of the melanosomes did not ap-
pear dopa positive. 
The JGR 1 line presented an exceptional tyrosin-
ase localization (Figs. 15-19). Complex premelano-
somes containing a large amount of enzyme were 
seen in all cells. The reaction product fUled the 
remaining space (Fig. 16} not filled by the melanin 
that had been already formed (Fig. 17). Tubules 
were also observed. The complex a1Tangement of 
these tubules seemed to correspond to a system of 
saccules and had a most characteristic appearance 
(Figs. 18, 19). They were termed "ring formations" 
(Tabs. Ill, IVi. 
The schematic representation of the tyrosinase 
pathways we observed is shown in Figure 20, and 
Table V indicates the tyrosinase pathway of each 
cell line. 
DISCUSSION 
The number of positive vesicles and premelano-
somes varied considerably from one cell section to 
another, within the same cel1 line, and also from 
one cell line to another. 
In 3 lines (lOR 3, IGR 37, and IPC 502> the 
positivity was very low by light microscopy. By 
electron microscopy a few cells were very positive 
and most contained some highly reactive vesicles. 
This shows the importance of carrying out ultra-
structural examinations. 
The difTerent localizations found in the cells of 
the various strains tend to suggest that melanin 
synthesis may take place in 4 pathways (Fig. 20l. 
The first and second pathways of synthesis differ 
only by the presence or absence of tyrosinase in 
Vol . 68, No.6 
the Golgi saccules. This probably is due to the fact 
that these techniques are not sufficiently sensitive 
to detect low amounts of enzyme in the Golgi 
cisternae. We cannot affirm with certainty that 
the small vesicles fuse with the premelanosomes. 
However, the images seen in Figures 10 and 11, 
and the observation of premelanosomes with la-
mellar protein, but without tyrosinase (Fig. 14), 
s trongly suggest that this is so. Such pathways 
provide evidence for the first possibility (Fig. lA). 
lt is, however, difficult to exclude absolutely the 
second one (Fig. lB ), as some images such as 
Figure 6 show a pinching of the Golgi cisternae 
which gives rise to small tyrosinase-containing 
vesicles and then granular or lamellar premelano-
somes. 
In the IGR 1 and IGR 4 cell lines, the observa-
tions indicate a not yet described pathway. The 
modified appearance of the melanosomes in these 
cells is very similar to that described by Turner et 
al [2) in fish melanophores but the Golgi appara-
tus does not contain tyrosinase whereas the com-
plex melanosomes do. In fact, it seems that the 
tyrosinase-containing vesicles, arisen by pinching 
of the smooth endoplasmic reticulum, fuse with 
premelanosomes to produce melanin. The preme-
lanosomes themselves fuse together to form auto-
phagic premelanosomes which still contain tyro-
sinase (Fig. 20111 J. 
The similarity between malignant melanoma 
cells and melanocytes of very early embryos 128J is 
evident. There seems to be a relationship between 
the pathway of enzyme synthesis and melanosome 
morphology. 
The cell lines initiated from unpigmented tu-
mors seem t.o possess the fourth way of synthesiz-
ing the enzyme which is present only in small 
vesicles in IPC 502 (Figs. 20, 4 ). Sometimes OGR 
39), tyrosinase was completely absent or could not 
be detected by our techniques, either because the 
quantity of enzyme was too small to be visible on 
the sections, or because the thin sections did not 
include the enzyme-containing organelles. They 
were proven melanocytes by biochemical determi-
nations of 5-S-cysteinyldopa [22,29]. They produce 
incomplete melanosomes. 
Cell lines initiated from the same tumor (IGR 3, 
IGR 4; IPC 501 , IPC 502; IGR 22, IGRT 23J show 
different methods of enzyme synthesis. The path-
way is also not the same for cell lines initiated 
from a primary tumor (IGR 391 and its metastasis 
(IGR 37>. These results may partially explain the 
differences in evolution of tumors of patients with 
the same histologic diagnosis and emphasize the 
FJGS. 10- 14. Localization of Lyrosinase in vesicles and premelanosomes. Fig. 10: IGRT 23, 44th subculture. Small 
vesicles ( v) and large vesicles ( Vl (wi thout counterstain, x 46,000). Fig. 11: Same localizations. The proximity of 
small and large vesicles suggest thal they may fuse together; in JGR 22, J44th subculture (without counterstain , x 
46,000>. Fig . 12: Localization of the enzyme at the level of large vesicles and premelanosomes (large vesicles 
containing melanin}. Tyrosinase ( I) and melanin (me) coexist but it is possible to distinguish between them. The 
presence of the enzyme is revealed by a granular precipitate while t he underlying melanin appears more uniform; 
1n fGR 37, 55th subculture (without counterstain, x 22,500). Fig. 13: The same localization in IGR 3, 61th 
subculture (without counterstain, x 22,500). Fig. 14: IGR 2, 144th subculture. The tyrosinase appears at the level 
of the small (u) and large vesicles ( V). However, some premelanosomes (pm ) showing fibrillar structure are 
negative (uranyl-lead counterstain, x 23,000). 
10 1l 
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FIG . 20. Schema tic representation of the four tyrosinase pathways occurring 1n cultured melanocytes. Smooth 
endoplasmic reticulum <SER l. 
FIGs. 15-19. Localization of tyrosinase in lGR, 151th subculture. Fig. 15 shows the general aspect of the 
localization of ty rosinase in s ingle melanosomes (msl and autophagic mela nosomes (mel (without counters tain, x 
10,000>. Fig . 16: In a utophagic mela nosomes; tyrosinase (tl sometimes covers the underlying mela nin (mel 
•without counterstain, x 17 ,500). Fig. 17: After double staining with uranyl- lead on control sections the melanin is 
.een very dark while the tyrosinase-containing zones are clear (-+ l ( x 37,000!. Figs. 18 and 19 show tyrosinase !I ) 
ocalized to a system of saccules a nd complex tubules (without counterstain, x 22,500 and x 33,000!. 
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TABLE V. Pathways a( tyrosinase in the different cell 
strains 
2 3 4 
IGR 2 IGR 37 IGR I IPC 502 
IGR 31 IPC 501 IGR 4 
IPC 49 IGR 22 
1GR3 JGRT 23 
IGRT 27 
Cell lines initiated from primary melanomas are un-
derlined. 
No visible deposit in IGR 39. 
limits of classification based solely on morphologic 
criteria. 
Finally, the study of tyrosinase synthesis in cul-
tured melanoma cells demonstrates their similar-
ity to fresh tumor cells [13,18]. The dedilferentia-
tion suggested by the cell morphology [22,30] was 
confirmed by the cytochemical results and may 
constitute a reversion to an embryonic stage [29]. 
We thank Ms. F. Rouge and Mr. J. R. Galindo for 
excellent technical assistance and Mrs. A. Lipcey for 
help with the Eng! ish text. 
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